of dust collectors tested. The round drill steel used was 1-1/8 inches in outside diameter and ranged in length from 9 to 20 feet. Drilling was done with 2-inch "cross" bits set with tungsten-carbide inserts, which drilled a hole slightly more than 2 inches in diameter. The average bit drilled about 1,800 feet of hole before it was worn out.
Percussion-type drilling with air is not new on the Colorado Plateau, Coffin (1921) In order to obtain a higher percent recovery of rock cuttings from the wagon drill, and to protect the health of the operators 9 three dustcollecting machines were modified as sample collectors and tested by the Geological Survey One machine 9 designated as Machine A9 is activated by a motor-driven,, vacuum-type fan<, The other two machines, designated as The exhaust air, which includes some fine material p is discharged through a 3-inch opening in the fan housing,, Machine A was originally designed (Huleatt, 1952) to discharge the exhaust downward, with the opening near the jar 0 A porous cotton bag was placed over the exhaust tube in an effort to catch most of the fine material discharged with the exhaust air<> The bag was necessarily porous to eliminate back pressure in the system 0 Field experience showed that the fine material escaping from the bag in a fine dust cloud obscured the jar and possibly endangered the health of the operating personnelo Tests made to determine the weight and grade of the mineralized material collected in the bag showed that the bag samples were small in amount compared with the ^total sample collected, and that they did not differ appreciably in uranium and vanadium content from the jar samples. The procedure of collecting bag samples, therefore, was discontinued, and the exhaust was then changed to discharge upward through a 3-inch tube which extended above the heads of the operatorso Two units of Machine A were used much of the time during a 6-month period, from October 1951 to March 1952, during which time they collected cuttings from about 18 9 000 feet of wagon drilling 0
Machine B Machine B ( fig. 2) , is an air-operated, centrifugal-cyclone type dust collector having no moving parts« The air is injected through a jet assembly (fig« 3) 9 which uses a small amount of compressed, high-pressure air (30 cubic feet per minute at 100 pounds pressure per square inch) to produce a large volume'of low-pressure air» The high-pressure air for the jet assembly is furnished by the compressor which provides air to operate the drill» The suction end of the jet assembly, which consists of a 2 1/2-inch "I", is placed in the collar of the drill hole, so that the drill rods can operate through it. The cuttings are drawn from the collar of the hole through the jet assembly into a 2-inch steel-reinforced rubber hose which is connected to the intake opening of the collector» The jet assembly design is based on the one developed by John H 0 Soule (1947) .
The intake is designed so that the dust-laden air is forced into a spiral stream on the inside of the tube, and the centrifugal action forces the cuttings to remain close to the wall of the tube as they descend,. The 
COST OF THE SAMPLE COLLECTORS
Total costs of the three sample collectors are summarized in table 1. Machine A has many moving parts that are subject to wear. Major expenditures were for the replacement of fan blades, which were badly worn after i each machine had sampled cuttings from 6,000 to 7,000 feet of drill hole.
In addition, the fan housings of both machines were worn through and needed replacing after each had sampled chittings from about 9>000 feet of hole, and the gasoline engines were in need of extensive repairs on the completion of the field tests. Furthermore, breakdowns in the field resulted in considerable time lost while repairs were being made. Installation of a precleaner unit in the air circuit might reduce the wear on the impeller blades and fan housing, and thereby, lower the repair costs appreciably. 
DRILLING PROCEDURE
Holes were first drilled through the overburden, which averaged 2 feet thick in the area drilled. The suction hood of Machine A was then placed over the collar of the hole, or, if Machine B or C was used, the 2 1/2-inch "Y" of the jet assembly was placed in the hole, and drilling was resumed. In barren material runs were usually 3 feet in length; in mineralized material runs ranged from 6 to 12 inches in length.
On completion of a run, the rods were raised about 2 feet, and air was blown through the hole for 5 to 10 seconds in order to clear the hole of cuttingso The jar was then changed and drilling was resumed. The time required to blow the hole and to change jars on each of the three sample collectors averaged about 10 seconds.
SAMPLING 'PROCEDURE
At the end of each run the jar" was removed from the sample collector and the cuttings were poured through a Jones sample splitter» Part of the sample was saved in a paper sack, and the remainder discarded,, When mineralized material was noted in the jar during drilling, the drill was stopped, the hole blown, and the jar changed.. The entire sample of mineralized material was saved for assays All samples in the paper sacks were saved-until a gamma-ray log of the hole was obtained 0 The samples which contained mineralized material, as indicated by visual estimate or gamma-ray -log, were then assayed* All '
other samples were discarded .-.,..
SAMPLING RESULTS
In the sandstones and mudstones of the area in which drilling was done, the material from a 1-foot length of a 2-inch diameter hole weighed from 3<>2 to 3o4 pounds 0 Test samples were collected and weighed to deter- .£/ Assay weighted from several samples.
Wagon-drill hole WYC-86 and diamond-drill hole YC-106 were drilled 1 foot apart. Wagon-drill holes WYC-136 and WYC-137 were drilled as 6-foot offsets on opposite sides of WYC-86.
SUMMARY AND CONCLUSIONS
Three dust-collecting machines were adapted and tested by the Geological Survey for collection of wagon-drill cuttings. These machines showed several advantages over earlier methods of sample collecting: (l) More accurate samples of mineralized material were obtained. (2) The stratigraphic sequence of material sampled could be determined, so that a geologic log of the hole could be prepared. (3) The dust hazard to the operating personnel was greatly reduced.
During the field tests, Machine A was used for about 6 months, and cuttings from approximately 18,000 feet of. wagon-drill holes were sampled.
Tests made with this machine yielded recoveries ranging from 4-5 to 85 percent and averaging 67 percent. This recovery at times was mot high enough to give an accurate determination of individual thickness of rock layers.
Machine A has many moving parts that are subject to wear and need replacement* i Machine B was used in field tests for 2 months, during which time, cuttings from 9,500 feet of hole were collected. At the end of the test period the machine was in excellent condition and had required no major repairs during the period of operation. The advantages as determined by field tests were? (l) A large percentage of the cuttings were recovered; recoveries ranged from 88,0 to 96.0 percent and averaged 91.0 percent.
(2) The absence of moving parts resulted in low upkeep cost. (3) Only a small amount of dust was lost with the exhaust air, thus reducing the, health hazard to the operators. No serious disadvantages were found in the tests made with Machine B, though it does draw a small amount of air from the compression unit that operates the wagon drill, as does Machine C.
Machine C was tested in the field for 4 months; samples were collected from 17,500 feet of wagon-drill holes during this period. The machine was in excellent condition on completion of the tests, and had required no major repairs during that period. Advantages of the machine were: (1) The initial cost is low. (2) A very high recovery (averaging 96.0 percent) of cuttings from drill holes was attained. (3) Very little dust escaped with the exhaust air, thus reducing the health hazard to a minimum.
